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Tbis invention relates generally to peptides and more 
specifically to peptides which are involved in cell 
adhesion systeas. 

Backcrrnnn^ the Tn vor^-1?n 

10 The adhesion of <=all= to other cell, or to extracellular 
" i"P°«-t to the orderly development and 

mediated by certain adhesive legand= and corresponding 
receptors. ^on, such adiaesive llgands are the glyco! 

:r 1^7^°""' -^^agen. .n'tLee 

contain the tripeptide sequence arginine-glycine-aspartlc 
acid (Xrg-.ly-^p or K-c-o, which appears to function as 
the recognition sito for receptors on the surface 

.0 Llls "'"^ -lecules. «hen presented to 

20 calls as a peptida-covered surface, synthetic peptides 
containing the Arg-.ly-^p sequence promote call attaLant 
in a „a^ar ai^lar to that of natural fihronaotin or 
vitronacti^. in solution, such peptides can inhibit cell 

25vi^ ' ^"^'^"^ "^"^ fibronectin. 

It^r d^' ""^ themselves or so„; 

other adhesive protein having an Arg-Gly-Asp call 
attachment site. 

several receptors have now bean Identified which 
30 l3!" <=' their respective 

™!v l • °' ^"''^ receptors have affinity for 

only their specific ligand. others will interact to varying 
degrees- with two or mora ligands containing the tripep^da 

suf^:r -""^ Ax^-Cly-^^p ,a<j^enca is 

sufficient for receptor recognition and binding, the 



remainin? 



i^amino acid sequence of the peptide may nonethe- 
less be important to the specificity of the ligand-receptor 
interaction. The precise manner in which the remaining 
sequence affects binding has, thus far, remained elusive. 

5 one view that has been held by some investigators in the 
field is that the specificity of a given adhesive protein 
for xts receptor may depend on the presence in the adhesive 
protein of one or more receptor binding sites other than 
10 T'l ^■^''^-^^P According to thi. view, th^. Arg^ 

lOGly-Asp sxte would be a shared binding site and 

additional site or sites would be responsible for the 

Biochem. and Biophys. Res. Comm. 144:35; Wright et al 

15 th'".' T ^ -^^---^ive possibility is thi; 

15 the Arg-Gly-Asp sequence provides essentially all of the 
information for the receptor binding and that it is the 
conformation of this sequence that gives an adhesion 
protein its receptor specificity. The binding sites of 
various peptide hormones are known to be small (Rose et 

-al., as35, Adv. in Chemistry 3V:i, but these peptide, 
generally comprise only about 10 amino acids in total. In 
contrast, each of the two fibronectin polypeptide chains 
comprises over 2000 amino acids. The idea that the 
conformation of a single amino acid triplet could be 
25 important to the function of a number of different proteins 
carrying It 1. nov.i . ^ 



synthetic peptides containing the Arg-Gly-Asp sequence 
«e us«ul in that they can both promote and inhibit cell 
attachment. There are at least ten different adhesion 
30 receptors that are taown or suspected to recognize an Arg- 
Gly-Asp sequence in one or more of the various adhesive 
proteins. Peptides that reproduce with reasonable accuracy 

^^ihlrt ; ^'^'^ '^^^'^^ - specifically 

3S T„T , T """^ " tremendous potential for the 

3= manipulation of Important physiological events such as 

^n«r" — healing, and 
rejection of prosthetic implants. 



There thus exists a need for peptides having an a^ino 
acid structure that provides the optimum specificity for 
the receptor of interest. The present invention satisfies 
this need and provides related advantages as well. 



Summar y of the rnvf^nfi 



on 



present invention involves novel synthetic peptides 
wh.ch have high a«i„ity and specificity fol Xll 
receptors by virtue of restrictions on their stereochemical 
oonf oration, such restrictions, or stabilizations can^e 
10 provided, for example, by cvclizatin„ k - , 

. J. . . f . oy cyciization, by inclusion into a 

constraining confonnational structure such as a helix bv 
providing an additional chemical structure such as an alidi 

r rhe;^:.^— 

Asp-containin, synthetic peptides. The affinij „ 

20 selectivity of the cyclic r^r.^,^ »«inity and 

natural vitronectin. approaches that of 

about ^''-"^i"" comprises a peptide having 

about 10 amino acids in which a bridge is for,e<i betvej 
surrounding the Ar,-«ly-^sp seguence " 
25 suitable structure is m "^e. a 

Gly-Pen-Gly-Arg-<31y-Asp-Ser-Pro-Cys-Ala 
L-s . ^3_J 

"d ' St! "^^^ PenicillamL 

bridaT H ""^'^ ^^P-^^- °^ forming a 

bridge, such as a disulfide bridge. 
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Anoth.^^uitable structure is 

' 

AlternativGly , the n^^nt-ir^^ 

f uiie peptide may be cvcl f^r-i -rr^n • 

peptide bond between a„ino acid residues 1! ' 
structure is residues. An appropriate 



Cly-Arg-<31y-Asp-Ser-Pro-Asp-Gly 
' 1 



a...inct binL, rL^rr A^^ryV^;:^"' - 
::::^^ivr;:% r ----- =rr;=:r 
re^inin, p^.^^renr^^-prrcar .1^^^"" - 

demonstrates that a r-or^y^ ^- -^evei, the invention 

uoan a confonnationallv re«?fT-i 
Asp-containing peptide can have' ^r.ZlTnl 
specx.icity and higher hinding .initf tl" " t 
str.cted counterpart. This de^onstratioT 
20 synthesis of other Ar^-^^ , «»°nstratxon permits the 

omer Arg-Gly-Asp conformations ^^i^-y. 
receptor specificities and affinities. """^^""^ 



The stabilized peptides of 

v„ic„s app.ic«/oI reULrJ^ret "1 
properties t« «ieir cell-adhesion 

P pertiea. m one embodiment, for ey:a»r,i» 
25 peptide structure is example, where the 

Gly-Pen-<.ly-Arg-01y-^p.Se,-p,,.^3.^^^ 



s- 



tbe peptide has increased affinity for th„ 
receptor and decreased affinitv / vitronectin 
30 receptor over that o, ^'""^^y for the fibronectin 
containing peptides and ly rrefort"'^ -,-.iy-Asp- 
t= inhibit the binding of virrnect, ^"^"-^^ 
celis to a substrate for ceii ""P— "-i-in, 

stabilized peptide „ay be usrfully ^ 

usefully employed to promote 



( 



adhesion o, cell= expressing the vitronectin re«„tn K 
for cx=„ple. coding cell culture substrate, T., ^' 
ally, the stabilised peptide »ay be used to cJat 
.or i..^ implantation, such as protbtis '^^^ 
5 attachment is desired. ^esis, where cell 

^^^^^^-^^^^^ie£im_of_th^^^ 

The present invention will be described 
With the accompanying drawings in whriT — ^tion 

FIGURE 1 is a graph of hplc analysis of 
10 preparation of cyclic peptide fa)- an7 • ^ ""^"^ 
peptide (b) . ' ^"""^ purified cyclic 

FIGURE 2 is a graph illustrating adhesion ot^ 
3c.dney cells to fibronectin and vitLnt^tin in L""'' 
Of a cyclic and a linear peptide having^^^ ZTl """^ 
15 sequence. ^ ® same amxno acid 

FIGURE 3 shows the sequence of the o*.r,f-,-^ 
III and the recovery of It. h I . Peptide of Example 

automated Edman 7eg;ada"on:"^"''°'^ 

^0 "^utlcn-r^^^^^^^ c^^ed 
xncreasing temperature, indicating' i J 
confor^tion at the lower temperature "-trrxcted 

FIGURE 5 is an axial projection or 
Example iv. Those r-^ section of the peptide of 

" lipophilic whiir:::se":rorthenre ai^ - 

-Line are hydrophilic. 

FIGURE 6 is a schematic representati ..r, ^ 
peptide synthesized in Example ^"""^^^^^^ °^ t:^^ cyclic 



AS used herein, the term "conf ormationally stabili 



zed* 



or "con^atlonally c.n.«,ined- Tfer= to ll.i. 
..posed on tne nu^^r a. posei.Xe .t.r...^^„,l, tZ l 
Which a p.p.i,, „ay assume. i„ o^ the": " 

invention, such limitations ate imposed on the c^^^ 
5 Of th. ^,-cly-.sp .indln, .ite a„<l tel\r , 

presence of chemical struoi-„r-=, '"^ 
site uhich Unit the possible t ^""""""^'"^ ^''^ ^ndin, 
the .i„.in. Site to e s ^.a^ To""' °^ 
tripeptide sequence alLe '"T"'^ "'^ 

XO sta.ili.ed Ar,-.l,.^p.co„tai.i„, Z^arll^rZ^' 
blndin, activity with at least one receptol .3^0'^'" 
che..cal structures, .ay refer either to Inino T 
other Chemical moieties and 

-ieties lyin, immediate'ly a" a::L '■"r.-T " 
- wen as those separated frj. thl irnLT si " ::!if"'^ " 
presence of intervening amino acid.. tel . ^ 

surrounding the Ar-^ 1 . "amino acids 

-si.ue3 separate. .ror^r ^r^:^^^^^^^ 
20 intervening residues. Arg-Gly-Asp sequence by 

As used herein, references to -Kru^i^ ^ 
peptides". are intended to refer to ^T^/ "" containing 
aore Ara-GW-..^ . . "° poptrides having one or 

function as .inX Tt'sT' '"'^^^ 
- ASP family of Xtl. i t "T" 

binding to the Arg-«ly-*«p L^-^",;^ "cognizing and 

sequence has been round to ^t^^^la^I^t , 

order to retain the binding lu^' ^ 

tbe remaining peptide as veil as oomposxtion of 

30 present in conjunction with th" p^ptl^' 

necessarily affecting the actlvlfj , " "'"^ 

«.ere specific chemical stru^efor 

Arg-.ly-Asp seguence are pr^d "'^^''"^ 
various modlf icatl presented, it is intended that 

3= the binding sitt :: I t 

from the definition "f t:^™'^^"' -thout departing 

- used herein, the term -hridge- refers to a chemical 



bond betA, ..i,, ^ ^ W^^^^ 

a.xde bond by v.ich bac^one pep.ld. is ^o^ed 

AS used herein, the tern "peptide bond" or "peptid 

ixnicage" refers to an a.ide ■ lin)cage between a 

5 group of one amino acid and i-h • ^" ^ carboxyl 

anino acid. ""^"^"^ °^ -other 

The abbreviations for a^ino acids are used herein ar 

given m the following table: ^^erexn are 
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15 



20 



Ala 


Alanine 


a-ABA 


a-Amino isofautyric acid 


Arg 


Arginine 


Asp 


Aspartic acid 


Cys 


Cysteine 


Glu 


Glutamic acid 


Gly 


Glycine 


Leu' 


Leucine 


Lys 


Lysine 


Pen 


Penicillamine 


Pro 


Proline 


Ser 


Serine 


SuccAla 


Succinyl-alanine 



The present Invention provides novel sv„fh 
Which incorporate th. „ =y"thetic peptides 

con.orx.tionaily s^il'^L C^""^ ^-^^-XV-Asp i„ , 
peptide comprises the s^enc! x'-« « "Z ^ 
in vhich R, and ere ^T.l.^ tJZ ''"^'"''''''''' 
^or»in, a bridge, such as a dlsuT«de " 
linkage, R, and R °^="Xflde bridge, or a peptide 

acids X Is " ^-quence of 0 to 5 amino 

acids, X IS one or more aj.ino acids or H ,„rf v , 
3 0 more amino acids or oa or ra, and . ""^ 
preferably total about zero to oo tino^'^^r ^ ^""^ ' 
Xonger sequences may also be "efuT ^ ' 
embodiment, r, ,3 penicillamine, R, Is c;ste\nr"R'T 
glycine and R3 is Ser-Pro ahh^^- , ^y^^eine, R2 is 
3= present at the .Jc,;,^ tel^r^r'"" 

and Y, respectively. >:er.ini. as represented by X 
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such peptides may be synthesized by any suitable method 
including well-known methods of chemical synthesis' 
Preferably, the linear sequence is synthesized usina 
commercially available automated peptide synthesizers The 
5 material so synthesized can be precipitated and further 
purzfied, for example by high performance liquid chroma- 
tography (HPLC). Although a purity of greater than 95 
percent for the synthesized peptide is preferred, lower 
purity may be accepta±)le. 

10 TO obtain one of tlie stabilized peptides of the present: 
xnventxon which has high specificity and affinity 21 
particular cell surface receptors related to the cell 
adhesion system, the synthesized peptide is cyclized usina 
methods well known in the art. For examnll 1 
1=; r-«<,,-^ <^-t^- ror example, where the 

15 re=xdu.= contain a ^ulfhydryls. a disulfide bridge .ay be 
forced by oxidizing a dilute aqueous solution of the 
pept.de with K3tF,(c»,,]. other .eans o. =y=li.in, „hi=h 
are known in the art may also be utilized. 

20 invlntl "'"""^ cyclized peptides of the present 
invention can also be prepared by fonaing a peptide bond 
between non-adjacent a^no acid residues. a procedure for 
forcing such peptide bond is provided in Schiller et al 
int. J. Peptide Protein Res. 25:171(1985), which Is 
incorporated herein by reference. Briefly, cyclic peptides 

25 can be synthesized on the Kerrifield reain by assembling 
the peptide chain using Na-Fmoc-amno acids and Boc and 
tertiary-butyl protein. 

The stabilized peptide can also be prepared by designing 

30 hell, or.a triple heli., according to methods well-known in 

the art. 



The stabilized peptides described herein can be used as 
analogues to adhesion proteins including, for example, 
vitronectin. Because of the increased affinity for the 



vltronoo# receptor of the cyclic p^tlde of the . 
se^ence over that of the analogous linear =^1! '" 
=y<=li<= peptide „ay be used to ililit T T' 
vitronectin without affecting the H^ti °' 
= receptor. .„cn as the fihronectfn Tclptor iTt "'f""" 
cvclic peptide can he used to promote adheLon Cf ^'f' 

or other attribute on the hinding^itT Z ' 
structures are the sequences -Ar,-<3l' 

ASP- and -Arg-Gly-Asp-D-Ser- T^*^^ -°-Arg-«ly. 

stahili.ed latter sequence exhihi'ts usl^ul ^""f "^"^"-"V 

IS fihronectin receptor but not the vitrrnectirrecLLr^ T 

presence of the «r,=.r,*.< • receptor. The 

tne enantiomeric forms of' *-v,« 

Asp-Ser-Phe. ^ Phe-Arg-Gly- 



i^^u^riXtr ^"^'-^ - 

«-«"Ly ror In viY9. uses such as c-r^^t-A^ 

devices, includihg prostheses or i^ll^" ^ °' 
25 vascular I^lants, so a. to facllit^'^r' "^"^^^ 
cells thereto m "=llltate the attaohaent of 

Ih addition, the pentlrt^.. >, 
uses m coating of substr;tes su^ In-VilrB 
substrates, to promote cell adh'lon """-"^ 

other features and advantages of tho 
30 will become ano,r-.„. ""^ Present invention 



apparent from the fr,iir>.,A 
Exanples which illustrate. by tlr /f ""'^ 
principles of the invention. -sample. the 
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Peptide Synthesis 



The peptide =ly-Pen-Gly-Arg-Gly-Asp-Ser-Prc-Cy... , 
synthesized using an automated peptide svnt^! 
-30... .ppiied Bio3..te„s. Posfer cxTy ^In/""-^ 
according to the directions provided bv the ^'^°'^"> 
After Cleavage fro. the resin CI^ H / "-""-".rer. 
peptide. „ere washed in HIT T^llZ^T""^' 
fro. solution in tri.Xuoroacetate lirice coid l::'"''^'^"' 
10 peptide, were than redissolved in distilled T 
lyophilized. The peptides were ZJ ""^"^ 
using a waters Bond^pL ^ c,7 ,, 7T ^^''^^ 
Waters Assoc.. „ii,,Z.. <^ " " «- P-Wng, 



EXAMPT.-F T T 

15 



Cyclization of the Peptide 

^11 :Vr: dfsurr. iTtrt?: - 

previously boiled and allovJL ^^000! x 

to addition Of the peptilT n^l ^"^iately prior 

=0 the water for „ .inure^ 'literl:!^" ^d """"^^ 
^> solution Of 01 ua,^ r 

peptide solution MT,^-^^ -w *^pwise to the stirred 

^ihutes (.PP«:Lrit\"^,.=^'"repT::r'"'^^ = 

25 held at 7.0 throuoho«^ ^ solution was 

30 reverse phase' HPr^ . ' ^"^"^^^^ purified by 

P^^se HPLC using a Waters BondapakTM c 
3C 3 0 cm; lo packincr^ tu column (3 

fxffl pacjcincr) (Waters Assoc., Milford mi ^ 
peptide wa«i i,^,^ ^ "J-J-rora, MA). The 

e was loaded on the columns in bnt^i-o^ . 
arnaonima acetate at aH 7 ^ ^ °" 

buffer B consistln ^" ^'^^ ^^"^^^ -ith a gradient of 

consxsting of 601 acetonitrile and <ot buffer 



A- 

10 



graphed by th. =a.e procedure o„ a c • ■^=<=hro^«- 
=i"gle peak (trace b, . " ^i^^^i a 



The major peak obtained from the c 
10 in Figure l, constituted 90* of " ^ (fraction 2 

^-uced to be a .=no„eL :y:Lc ™ ^''"''^ 

~-r:.^Ter5.— ^^^^^^^ 

.«l....ric .r,. _ .elrtepttteTTrtre r::^./- 



IS 



Fonnaticn of a Triple Helical Structure 

The cell attacimentz proaotii^g Ara-civ a 
the linear pep.i.e ,enerat:e<r ^ ^^'^ ^^'^^"^^ 
confcraationaliy restrained by allL. "'^^ 
20 assume a helical at:ruc^e acLrll^ T'^ ""^^'^^ ^° 

al, (1987, J. cellll!!' ^° »«thod. of Dedhar 

hereby reference. Briefi; a 33"'' "''^ ^-rpora.ed 

the se^ence (Pro-Hyp JxV,, -l^l!:::!, r''' ^^"""^ 
•nir-<31y-(Pro-Hyp-<3iy,, ^ ^-<=ly-I^«-Arg^ly-Asp- 

25 peptide synthe^I.^rr^oTl /^^^"^^ ^^-^ an automated 

degradation using a ga h ^«to«ated Ed«a„ 

Applied Bicsyste„s, roster Ci^"?'^'""" '"""^''-^ 
The linear peptide was allowed to 7> ''^'^^ 
30 smallest possible volume It Test "'^ 
Polarimetrlcal analysis „as used ! """"" " '°<=- 

assumed a helical structure 

at low temperatures as iudcroH k 

DUdgod by the high 



degree of negative opticl rotation uhi=h underwent 



ZZZ.:: va. increase.. ^.Z:^^'- 

melting" curve havincr ^r, . ^ 



curve having an inflection point (^^^ ^ 
derivative equal to O; Tm) at 30-c k • ^^^<=°nd 

. . j.m, an c, as shown in Figure 4. 

5 

EXAMPT.f; TT£ 
Formation of an Alpha Helical Structure 

An Arg-Gly-Asp containing peptide was designed so as to 
have an a^ino acid sequence such that it would "d 

tion. As demonstrated by Carbone et al., (1937!; 
Immunology 138:1838, which i«= iJ-yay) j. 

o» wnicn is incorporated heT-oi« i. 
reference, peptides comprising alVernatinc 
isobutyric acid („-;^, and alanLe CKllTT^t 
helical conformations in structure 1^ 
15 solvents. Moreover Uie J ^'^"cture-fon.ing organic 
moreover, the presence of a negatively ch,™=H 
group at the amino terminus and a positively ch«Ld 
" the car^oxy terminus creates a dipole a JT 

stahilize such a hell. (Shoemalcer et al.. (t^aT, tL 
326:563, which i c: (1987), Nature 

-»» wnich IS incorporated herein 
20 Further ^ t- ^ xierem by reference) . 

u irxirther, the sequence of amino acids were cho^^r, 

-3..=„, „hich is incorporated herein hy ref™. 

" aut?:ateT";:::i,r=" ----- - 

peptide sequencer (Model 430A- AnnH^H 
Biosystems, Foster- ni*-^r ^, , *JUA. Applied 

Ala-Ls-Ar^jr ! ^ ^^-=Ala-Lau-oiu-<.lu-aABA- 

Lys Arg-Gly-Asp-Ser-I^u-«ABA-Ciy_Lys.crABA-Ala-Lys. 

The peptide was synthesized and purifi^rf . 
3 0 the methods of Example 1. al.ha h w ^° 

of thl.. r^or,*-^^ ■ -L- The alpha helical conformation 

this peptide xs depicted schematically in Fig. 5. 
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EXAMPT.K V 
Cell Adhesion Assay 



Fibronectin and vitronectin were purifier. ^ 

reference The .Hh • incorporated herein by 

rence The adhe.xon of normal rat kidney cells to 

fibronectin and vitronectin was assayed as descrlbil T 

Ruoslahti et al., Meth aescrxbed in 

10 solution ^.o^er";." J^''''^' "'^ ^ 

plastic microtiter plates ;,nH i 96-well 

" piates and left for 2 ho«T-c 
temperature. The un;,t-i-=^K nours at room 

-V, . • ™^ unattached protein was removed bv w.c=h- 

three times with PBS ™avea cy washing 



15 on. day before tie as.ay, a c=onfluent culture of no™ , 
rat kidney cells was solit i • , „ ■ 
culture trypsin The cell. ^ 

=0 incubated at 3,0, 1,,, t.ey d'et:::ed "te ::Lrd 

were then cQn«»^«^ w detached cells 

.-es wit. ^"rurio:\ron":rr " -^'•^'^ 

inhibitor in pbs to en3u„ n;:tr:!lration 17^ ^'"^ 
Before the la.t centrifugation, a aa^ple Jas ' aS! T'"?," 
25 numbers and viability bv trvnan „, 

mined. The =eu"„e« «=lu»ion are deter- 

mediu^ ,„J, 7" , " =U3pend.d in essential 

iniai) at a concentration of 106 , , 

dispersed by pipetting until a single-cell 

obtained. singie-cell suspension was 

30 TO ensure even dispersal of the cells in t-H • 

well, 0.1 ml Of MEM ..3 added to each well .^t? -crotiter 
addition Of 0.1 ml of the cell suspension ^^l^ 
incubated for 1 hour at 37-c. ^ ^ 

The unattached cells were removed simply bv r.. • 

^uiyxy t)y removing the 
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medium ai 



^^^^^^^ng tJie wells. Tli*»^R.^« 
PBS, and the washing solution " wit^, 

then fixed with 3^ 0 T ^^^^^ -«re 

" wiim 3t paraformaldehyde in PR<; ^ • 

It toluidlne blue parafo™,i^ T stained with 

S =.113 counted. T;eir"^ '^''^^ " ^"'^ 

counter that Is Tapll" , ^"^^^-^^ "-"g a oell 

=ur.aoe <o.at.h iirtoruTraUtr v^r^^ - ^ 
inhrti:^Lt:^.r:er:rL^^T^ " - - 

10 adding stoc* solutions of tie =f assayed, hy 
.-e fi^al co„oe„tra":LL^ T ITtTJ'lTr. " ^° 
Prior to addition to the assav I 

neutralised with sodiu. hi^rlonate ^^^"1"^ ""^ 
...ed and the well. i„^.,., _ a^tro":::. 

%c^.r;:ptrderiit^^/"^"^^ - - 

Kidney cells to the fCi'e t ^ attachment of normal rat 

.indin, of Tnont^cTir Tr I''^""""" 
the sequence Cly-Pe™ ' , ^^P'^^''- "-^"9 

= 0 assayed. ^ she J ir^.i^^^ra'-^^^^-^/ — 

invention inhibited at,»,-H Peptide of the 

..lar co„c::r::~ r^crpttW 
itrrpttid" " r/^™r 

ceils to .oVh"'s„rstrTrs"'ae"^rt °' 
concentrations. relatively similar 



25 cells 



cvcrvptidrort:: trnr - 

different affinity ,c?" " '""^"^ to possess a 

- Vitronectin rT^J^. LL T °' ^""""^"^ 

that the rat «dney celirtsei • """""""^ 

possess separate receptors f or f iTr 1^^' ""^ ^° 

rs for fibronectin and vitronectin. 
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EXAMPLE VI 



Cyclization Tlirough Peptide Bond 
The peptide 



ei; ai., mt. j. peptide Protein Res 7^.,,, 
(1985), Which is incorporated herein by reference. ' 



The synthesis done usin, p«, resin-TFA, (Applied- 

Biosyste^ inc., Foster City, CA, with t-Boo GXy-LS^^ 
XO "'"^^ ^ substitution .actor of o.so 

10 (see Figure 6,. All a^ino acids were obtained fro. Bao^^ 
Bioscience, Inc., Philadelphia, PA. 1..5 g (1.0 ^^^Z 
«sin was shajcen with .0 „l dichloro^ethane (DO,, for IS 
.xnutes to induce swelling and DC« removed with K, ' rlssu^e 
procedure repeated. xhe t-Boc protecting UITp Il^ 
1= Cleaved w.th 20 ^ TFA; (Applied BiosysteT, ,:.T 

roster City, CA, in OCH (Pfizer, Groton, c, ,Z 
..nutes. This reaction was repeated, this time sha^g fo" 
30 nxnutes. Between the reactions, the resin waspish!! 
once with 20 Ml DO, for 2 Minutes AfteT T 
20 rear-f-inr, • -"iui.es. After the second 

I T 1 """"^"^ "i"- 20 -1 DCM for 

IruZT neutralization with 20 .1 lo^ 

trxethy an^e (TEA, in DO. two ti.es for 3 ^utes each. 

each and waa then ready for the „e« reaction. 

bar, Fi,o=-Asp-t-butyl eater ((otBu,oa) (1.03 g 2 5 Molf 

Ti^, "rrdrfh" " """-^^ -itioi'o:-:.:":^ 

mi^ure dil" ^ OC„. The 

30 "oil '7'' wa= stirred for 5 minutes 

30 and followed by addition of 1.2s m1 20 h- 
hydroxybenzotriazole (HOBT.- Aldrich, in DKF (Pfizer, at o-c 
and starred for 10-ls „inutes „ore. This „iLre wL added 

rLeated ^"^"'^ ' ^° ' — i°n wa, 

repeated once (double coupled, and the resin was washed 2 
3S ti.es With 20 .1 oc« between couplings. «ter the second 
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coupling was completed, the resin 

-ith 20 ml DCM. """''"^ ^^^^^ ti^es 

The cleavage of the Fmoc group was done with 20 , 
Pxperidine (Mdrich) in OCM (freshly made) and shL 
5 15 minutes. xhis reaction was repealed Tr 

minutes. The resin f ror another 30 

ine resm uas then washed once uith DMf 
ti.es ulth DCM for 2.0 .inutes each. Then thT 
ready for the next coupling. 

00, followed h. .zz:-:;\r:^ air^r^:: 

mixture was stirred for c: ^ . DC"- The 

-«tion Of 1... ^ ;Hr„oBrin;r";.fr:r. - 

(aou^le coupled, '.T^: re^ Jr^sTJ^^ ^ - 
»1 DO, between couplings. After the V '° 

completed, the resin wal vashertLeTtrrtit^T 
The Fmoc was cleaved usiner t->,^ ^ 
icavea usxng the sane Dr-oc«>rfnT-« ._ 

.0 the material was then ready for the n'el: ctrpiirg . """^ 

In a 50 ml rotind bottom fiasv 
..r, ^oc-A.p-..„,y, ,3^, HoZUrU .,'''"^ 
-as dissolved in 15 ^ follovlrbl J^J^J' 

(1 M, OXC in 00,. The nl^ure was st^ed ? c 
25 followed by addition of 1 , , i^irxed for s.o minutes, 

and stirred for XO .0 /^^tf^Th" s^'L^f " ""^ 

t= the resi. and sha.en 1 to Thour ^"^^ 
repeated once ^double coupled, .TAl "'^ 

ti.es with 20 .1 oc« between coupli^^ "^^^^^ ^ 

3 0 coupling was completed the resin ^ "'"""^ 

vith 20 ml DCH The ^ "^^^ 

procedure as abole a^ thTratrr^rtrt 

next coupling. ^" ^^^^^ the 

In a 50 ml round bottom flask 

3S bar. Pmoc-OZy-OH (O.V, g. 2.5 l:r, "'^""^ 

uuutji; was dissolved in 15 ml 
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DMF tollW^ by addition c£ 2.5 „i ^Th) DIC In DO, ^ 

- »l 2.0 M HOST in o„K a. 0-c and ..irxed .Hr:: 

i5 ..n.«= „ore. This „i:c.ure was added to tbe resin and 
5 shalcen 1 to 2 hours. This reaction was done tuice^d T 
coupied. and the resin was washed . ti„es with I i' r " 
betw n co.p,,„,. ,,,,, ^^^^^^ OCH .n 

the resxn was washed three tines with 20 Ml DCH. Thf^ 
was Cleaved using the sane procedure as above Tn^ T 
10 Material was then ready tor the next coupling. 

In a 50 ml round bottom flasX equipped with stlr^„ 
bar, FMoc-Arg Tosilate ((tos,oh, (1.37 g 2 5 ™ ' 
dissolved in 15 Ml oc« .olloved by additl!; o" 2.W 
Die in DQt. me Mixture was stirred f or 5 o • 
IS followed by addition o. 1.25 Ml 2 . o 1, "oV Tn It^ o^^^ 

and stirred for 10 to 15 minutes more. This mixtu" 1! 
added in to the resin and shaken 1 to , „ 
reaction was repeated once (double coupled anT^^^e 
was washed 2 times with 20 ™i • "^""^ 

- -te. the see.n. co^^Lrj^ rrwrrT. 

tAree times with 20 ml dch. The Fmo. H 

pe..o^e. .Si., the same as ^T^T^Jri::^^^^^^^^ Z 
material was then ready for the next coupling 

In a 50 ml round bottom flask equipped vl*-h • 
25 bar, t-Boc-Glv-oH fn rr o . quipped with stirring 

DCM^o-n 7l ^' dissolved in 15 ml 

DCM followed by addition of 2.5 ml (im) QIC In nr^ 
Mi^ure w« stirred .or s.o Mlnul^s' Z '"ol^w^d 

to T5 ""^ ^" - °- and stirred Z 

^0 resr andrr:r; h^trtrrrr^r-^ - 
:rr iHr' ^-'^ - ^^^^^^^^ 

^^^—irrs-rd- thr-^iT^ 

with 20 ml nr-M *: - wasnea three times 

wicn 20 ml DCM for 2 minutes each. 

" ButyresZrsTd""" ^''^^ °^ ^ - 

Butyl ester side chain of Asp 7 was performed at the same 
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tine by^ding 20 ml 20t TFA in DC^Tfor IS minutes. This 
reaction was repeated once again for. 3 0 minutes. Between 
reactions the resin was washed once with DCM for 2 minutes 
After the second reaction, the resin was washed six tim 
5 with 20 ml DCM for 2 minutes each, followed by 
neutralization with 20 ml 101 TEA in DCM two times for 3 
minutes each. The resin was washed six times with 20 ml 
DCM for 2,0 minutes each. 

The N-ter»inus of Gly i was cyclized to the side. chadLn^ 
10 carboxyl group of Asp 7. The eycllzation was accomplished.: 
by adding 10 ml of IM Die solution and S ml 2M HOBT in DMF^ 
and shaicen for 4 days. Each day, old reagent was drained 
and the resin was washed with 2 0 ml DMF once and with DCM 

three times for 2 minutes each ^ 

inutes each. Fresh reagent (DIG and 

15 HOBT) was then added. 

The resin was cleaved with hydrogen fluoride using 
procedures well Jcnown in the art. After cleaving, the 
peptide-containing resin was were washed with cold ethyl 
ether then dissolved with 10* acetic acid to remove the 
20 peptide from the resin. The filtrate was frozen and 
- lyophilized. The crude product recovered was 508 mg. This 
crude product was subjected to purification using HPLC 
through (i x 20 cm; lo-^m packing) colman. The peptide 

was loaded on the column in buffer A (lo mM ammonium 
25 acetate at pa 6.0) and eluted with a gradient of buffer B 
consisting of 604 acetonitrile and 40* buffer A. Yield 
after purification was 210 mg. 

This compound was confirmed to have the desired cyclic 
peptide structure by proton NMR in DMSO-d6 as the solvent 

30 The ID and 2D (COSY, COSY-Relay, and NOESY) spectra of this 
compound were obtained by using a 3 60 MHz rr-NMR equipped 
wxth Nicolet software at the University of California, San 
Diego NHR facility. (See Wuthrich, K. , NMR of Proteins and 
Nuclexc Acids, John Wiley . Son, NY (1986), which is 

3 5 incorporated herein by reference). 
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Mtho^ the Invention has been described with refe. 
to the presently-preferred e^odlnent. it shoJldT 
understood that various modifications can be nade Z th 
skilled in the art without departing fro„ the 

cor i„,i„ the invention Is limited only b. the fol o' , 
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